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pH 2.0 for 10 minutes at 95°C following the procedure of Lancefield and Perlmann for whole cells (4) . The pooled acid extract was neutralized, treated with ribonuclease, and fractionated between 0.3 and 0.7 saturated ammonium sulfate. This fraction after reprecipitation was chromatographed on DEAE (diethylaminoethyl) cellulose with gradient elution from 0.005 to 0.3 ~t phosphate, pH 8.0. The pooled eluates comprising the second peak of this chromatograph, fraction II, were rechromatographed on CM (carboxymethyl) cellulose with gradient elution from 0.005 to 0.3 M Na acetate, pH 5.5. The eluates from the second peak of this chromatogram (fraction IV) were pooled and dialyzed against frequent changes of 0.02 buffered NaC1, 0.001 ~t phosphate, pH 7.0, and lyophilized. In the serologic tests described, either chromatographic fraction II or IV was employed as test antigen except as otherwise indicated.
Protein concentration was determined by a modified Folin-Ciocalteu procedure (5) calibrated by micro-Kjeldahl with rabbit ")'-globulin as reference standard.
The cytoplasmic membranes were separated from cell wails by differential centrifugation at 20,000 g according to the procedure outlined by Freimer (6) . After washing twice with distilled water, the membranes were digested with RNase and DNase, washed with distilled water, and lyophilized. The cytoplasmic fraction was derived from the supernatant of the membrane fraction and was passed through an ultrafine sintered glass filter, dialyzed against distilled water, and lyophiilzed. Saline extracts of ground cell walls were prepared by shaking with glass beads according to a procedure modified from Slade and Vetter (7) .
Serum Speximens.--Sera were obtained from patients admitted to the wards and clinics of this hospital. In addition, sera which had been stored in the frozen state at -20°C were available from patients who had been hospitalized with rheumatic fever at the House of the Good Samaritan, Boston, during the years of 1953 to 1958. All sera were separated within 24 hours of collection and stored at -20°C until tested.
Selection of patients with streptococcal infection and non-suppurative sequelae was based on generally accepted clinical and laboratory diagnostic criteria including bacteriologic cultures and antistreptolysin O titers. Serum specimens from patients with acute streptococcal infection were taken at the time of clinic or hospital admission and approximately 3 weeks later. Patients with inactive rheumatic heart disease were selected from individuals accepted for cardiac surgery for correction of valvular disease. Patients with rheumatoid arthritis included for study all exhibited significant levels of rheumatoid factor measured both by the latex fixation and sensitized sheep cell tests. The patients with systemic lupus erythematosus selected all exhibited positive lupus erythematosus cell tests and antinuclear factors.
Agar Gel Diffusion Plat~s.--Sera were tested for precipitating activity against preparations of streptococcal cross-reactive antigen in agar gel plates by the Ouchterlony procedure (8) . The plates consisted of 10 x 60 mm glass Petri dishes containing 10 ml 0.8 per cent washed bacto-agar in a solution of 0.85 per cent NaC1, 0.04 M sodium barbiturate, and 0.3 M glycine at pH 8.0. Merthiolate, 0.01 per cent, or sodium azide, 0.01 per cent, was used as preservative. The wells were 9 mm in diameter arranged hexagonally at a distance of 8 mm between wells. The plates were kept in a moist chamber at room temperature and examined daily for at least 10 days. Precipitin patterns were photographed on polaroid type 42 or Kodak high contrast copy film directly from the agar plate or after drying and staining (3) .
Absorption of Sera with Human Organ
Homogenates.--The specificity of precipitating activity for streptococcal antigen related to heart was demonstrated by absorption tests with packed washed homogenates of human heart and other organs. The organs employed as absorbents were obtained at postmortem from individuals who had died of accidental or traumatic causes. Five to 10 gm segments of heart, kidney, liver, spleen, lung, aorta, skeletal muscle, intestine, and uterus were stored in the frozen state at --20°C. For use as absorbent, an organ segment was thawed, minced in buffered saline, 0.01 ~ phosphate, pH 7.2, and washed re-peatedly by decantation until the supernatant was free of hemoglobin. The tissue was finely ground in a Potter-Elvehjem homogenizer and packed by centrifuging at 12,000 g for 30 minutes. The superuatent was discarded, and the tissue sediment resuspended in an equal volume of a solution of 5 per cent crystalline bovine serum albumin 2 in buffered saline. Treatment of the homogenate with concentrated albumin solution was found to reduce considerably the tendency of the tissue to absorb antibody non-specifically. The tissue-albumin mixture was incubated for 30 minutes in a water bath at 37°C and overnight in the cold. The tissue was then washed twice with 10 volumes of cold buffered saline and redistributed in small lusteroid tubes so that each tube after centrifugation at 12,000 g for 30 minutes contained 0.1 ml packed tissue sediment.
In the absorption procedure, 0.2 ml serum was added to each sample of 0.1 ml packed organ homogenate, and after thorough mixing, the tubes were incubated at 37°C for 30 minutes and overnight in the cold. Each organ-absorbed serum sample was separated by centrifuging at 12,000 g for 30 minutes and tested for precipitating activity with streptococcal antigen in agar gel plates. In some experiments, two successive absorptions with tissue were carried out.
Immunodectrophoresis.--Immunoelectrophoretic analysis of streptococcal antigen preparations was carried out by the Seheidegger modification (9) of the procedure of Grabar and Williams (10) , using an agafor cell. 8 Microscope slides, 1 x 3 inches, were layered with 2 ml 0.8 per cent agar in 0.05 ~s veronal buffer, pH 8.2, and electrophoresis was run at 40 v, and at 10 ma per 1 inch slide for 25 minutes at 4°C. The antisera employed included sera from patients with streptococcal disease and type-specific rabbit antistreptococeal sera. ~ Mter washing and drying, the slides were stained with amidoblack B or azocarmine B (11).
Immunofluorescence.--Immunofluorescent reaction of sera with normal human heart sections was examined by the indirect staining technique employing rabbit anti-human 7-globulin conjugate absorbed with mouse organ powder. The previously described procedure (12) was modified slightly since more definitive staining resulted from use of unfixed and unwashed cryostat-cut sections, which were reacted with test sera within 24 hours after sectioning. The heart sections were exposed to the test serum for 1 hour, washed twice for 10 minutes in buffered saline, and then treated for 1 hour with fluorescent anti-human "y-globulin. With some sera, the immunofluoreseent reaction was better demonstrated when the interval of reaction between serum and tissue section was prolonged to 18 hours at 4°C after an initial period of 1 hour at room temperature.
The fluorescent unit was a 1000 watt General Electric AH6 high pressure mercury arc with a Zeiss microscope, fitted with a dark field ultracondenser, UG-2 exiter filter, BG-23 red excluding filter, and 4 thicknesses of Kodak wratten 2B as a barrier filter.
RESULTS

Demonstration of Precipitating Antibody to
Heart-Related Streptococcal Antigen.--Sera from patients with recent streptococcal infection or non-suppurative sequelae frequently exhibited precipitation in agar gel with chromatographic preparations of cell wall cross-reactive antigen. A single line of precipitation was obtained with the majority of reactive sera; a few sera exhibited 2 or 3 precipitation lines. The specificity of precipitation for cross-reactive antigen was shown by absorption of reactive sera with human heart tissue. When sera Supplied by Pentex, Inc., Kankakee, Illinois. 8 National Instrument Laboratories, Inc., Washington, D. C. 4 Diagnostic typing sera supplied by the Streptococcal Laboratory, Communicable Disease Center, United States Public Health Service, Chamblee, Georgia.
which gave a single line of precipitation were absorbed with heart tissue, many sera lost all precipitating activity (Figs. 1 and 3 ). Similar absorption of sera giving 2 or 3 precipitin lines effected subsequent loss of one of the precipitin lines.
Precipitation was not affected after absorption with kidney, lung, liver, spleen, aorta, uterus, or skeletal muscle ( Figs. 1 and 2) . A second absorption with homogenates of these organs did not alter these results. The use of liver or intestine as absorbent frequently gave rise to zones of turbidity of unknown nature which obscured the reaction with streptococcal antigen (Fig. 2) . The results of absorption tests with sera from four different patients with acute rheu- :~ Inconclusive test resulting from artifactual zone of turbidity.
matic fever are summarized in Table I . These data indicated that precipitating activity was directed to streptococcal antigen which was immunologically related to an organ-specific antigen of cardiac muscle.
Other sera from patients with streptococcal disease and non-suppurative sequelae exhibited one or more lines of precipitation with the same chromatographic preparation of streptococcal antigen and were found to be unaffected after repeated absorption with heart tissue (Fig. 4) . Such precipitins were presumably directed to a component of the streptococcal antigen preparation not related to heart.
Variables Affecting Demonstration of Cross-Reactive Antibody.--Both the serologic properties of individual test sera and the nature of the streptococcal test antigen influenced the demonstration of heart-related streptococcal antibody in human sera. This was indicated by comparison of reactivities of indivi-dual sera with different preparations of streptococcal antigen. The three streptococcal products employed included: (a) a saline extract of ground cell walls prepared by shaking in a Mickle disintegrator with glass beads and fractionated between 0.3 and 0.7 saturation ammonium sulfate; (b) an acid extract of cell walls fractionated between 0.3 and 0.7 saturation ammonium sulfate; and (c) chromatographic fraction II from DEAE cellulose derived from the acid extract preparation b. All three products were demonstrated to contain crossreactive antigen by cross-precipitation with goat antiheart serum and by inhibi- Concentration of test antigen in each case was 2.0 mg/ml.
tion of the immunofluorescent reaction with heart of antistreptococcal serum absorbed with these preparations. Each of the three antigen preparations was employed in agar gel plates in a concentration of 2 mg protein per ml. Table II records representative results with selected sera. All three products possessed heart-related antigen or antigens since with selected sera a precipitin reaction was demonstrable with each preparation which was abolished by absorption with heart. All three preparations gave evidence also of non-heartrelated antigen or antigenic determinants as indicated by the persisting reaction with other selected absorbed sera.
Sera which lost precipitating activity after absorption with heart and sera which were unaffected by absorption were compared in agar gel plates using the same antigen preparation. Ten different pairs of such sera were tested against either preparations b or c. In each case, the precipitin lines referable to each serum pair fused or joined without spur formation, as illustrated in Fig. 5 . If a second precipitin formed with one serum of the pair, this line remained independent of or crossed the fusing precipitin line common to both sera. These results were obtained with both preparations b and c. Since this pattern of fusion without spur formation occurred between sera which differed in specific reactivities as indicated by their different reactions to heart absorption, a close association of the corresponding antigenic determinants in the test preparation was indicated (13) .
These two antigenic activities were unrelated to the M protein contained in the test preparations (2), since the precipitin line given by absorbed rabbit antiserum to type 5 M protein 5 crossed the fusing lines of the test sera (Fig. 5) .
Susceptibility of Streptococcal Antigen to Treatment with Proteolytic Enzymes.-
Solutions of streptococcal antigen, containing 10 mg protein per ml, were treated with trypsin at pH 8.0, pepsin at pH 2.0, and chymotrypsin at pH 7.4, at a concentration of 10/~g enzyme per ml. After incubation at 37°C for 12 hours, enzyme action was blocked by addition of 1 mg per ml soy bean inhibitor for trypsin, 0.0001 M diisopropyl fluorophosphate for chymotrypsin, and by adjustment to neutrality for pepsin. In the controls, the antigen was treated with buffer instead of enzyme. Each mixture was tested in agar gel plates against serum previously shown to contain cross-reactive antibody by heart absorption.
In each case, exposure of the antigen to enzyme resulted in complete loss of precipitating activity with cross-reactive serum, while the control antigens remained reactive. The results of such an experiment are illustrated in Fig. 6 .
Immunoelectrophoresis of Streptococcal Antigen.--Immunoelectrophoretic
analysis of cross-reactive antigen preparations permitted further characterization of the heart-related component. The precipitin are related to this antigen was identified by the demonstration that absorption of the test cross-reactive serum with heart abolished this line while absorption with kidney did not. As shown in Figs. 7 and 8, this antigen moved to the anodal side of the origin under the conditions of electrophoresis adopted.
The arc corresponding to the "non-heart-related" antigen was identified with sera which in double diffusion tests had previously shown a pattern of fusion with cross-reactive sera but were not affected by heart absorption. As shown in Fig. 9 , the precipitin arc related to this antigen appeared in a position similar to or identical with that of the heart-related antigen. In contrast, type 5 M protein also present in the same chromatographic preparation of cross-reactive antigen formed a long flat precipitin line with its center located close to the reservoir and thus exhibited a slower mobility (Fig. 10) .
Absorption of Cross-Reactive Serum with Streptococcal Components.--A
procedure was developed for detecting the presence of cross-reactive antigen in various streptococcal preparations, including cell walls, membranes, and cytoplasm, based on the inhibition of the reaction of a defined cross-reactive serum with purified cross-reactive antigen.
The test procedure was as follows: 0.05 mi. of streptococcal extract or a measured amount of cell walls or membranes was mixed with 0.1 mi serum which previously demonstrated a single line of precipitation absorbable by heart. The mixture was incubated at 37°C for 30 minutes, and placed in the cold overnight. After centrifugation in the cold, the absorbed serum was tested for precipitation in agar gel with cross-reactive antigen, 2 mg protein per ml. Abolition of precipi- tation following absorption with the streptococcal preparation indicated presence of cross-reactive antigen in the latter.
Precipitating activity of such defined cross-reactive sera was found completely absorbed by cell walls, acid extracts of cell walls and saline extracts of ground cell walls of both the Tripp and Has strains. The relative absorbing activities of dried preparations of cell walls, cytoplasmic membranes, and cytoplasm from each of these 2 strains were compared. The results were expressed in terms of the minimum weight of each preparation added to 0.1 mi of a reference cross-reactive serum which completely abolished precipitation with crossreactive antigen.
The data are presented in Table III and are illustrated in Figs. 11 and 12. Cell walls from strains Tripp and Has absorbed precipitating activity at 1.0 and 0.5 mg per 0.1 ml serum, respectively, while the cell membranes of these strains were effective when larger amounts were employed (Table III) . It was of interest that the Has strain contained more antigen per unit weight in cell walls and membranes than the Tripp strain. The cell cytoplasm of these strains showed little or no absorbing activity.
Properties of Cross-Reactive Sera.--Sera exhibiting cross-reaction with heart as indicated by absorption tests frequently showed diminution or loss of serological activity following heat inactivation at 56°C or after storage for longer than 2 weeks at 4°C. Reactivity was demonstrable in sera which had been stored in a deep-freeze at -20°C for as long as 5 years.
Use of zone electrophoresis on starch or polyvinyl chloride media for separation of the precipitating factor was unsatisfactory due to the loss of serologic activity resulting from heat inactivation. However, it was possible to employ immunoelectrophoresis to show a relationship between the precipitating factor and the immunoglobulin zone by using the following procedure: Microscope slides, 2 x 3 inches, were layered with 10 ml 0.8 per cent agar to give a fairly thick block. A central vertical slit in the agar, 18 x 2 ram, was filled with approximately 0.1 ml serum, and then sealed with agar. Four such slides were placed in an agafor cell with ice in the chamber between the buffer compartments, and electrophoresis was performed in a cold room for 72 minutes at 30 v. Streptococcal antigen, 4 mg protein per ml, was placed in the upper trough of each slide; rabbit antiserum to whole human serum, rabbit anti-Cohn Fraction II, or goat antiserum to specific immunoglobulin components 6 was placed in respective lower troughs. The precipitin patterns were allowed to develop at room temperature for 3 to 5 days. Because of the large amount of serum required to demonstrate precipitation with antigen, the precipitin arcs related to the lower troughs were relatively dense.
Representative results of such an immunoelectrophoresis experiment with serum exhibiting cross-reactive factor are illustrated in Fig. 13 . A short precipitin arc which was formed against antigen in the upper trough was localized to the cathodal side of the reservoir in the immunoglobulin zone. Antisera to specific immunoglobulin components in the lower trough demonstrated in tests of such cross-reactive sera strong precipitin arcs for the ~2-and ~'IA (/~2A)-immunoglobulins while the ~'IM (/~2M)-arcs were quite variable in intensity. The specific relationship of cross-reactive factor to these different immunoglobulin components was not investigated in this phase of the work.
Immunofluorescent Reaction of Cross-Reactive Sera with Human
Heart Sections.--Sera from patients with rheumatic fever, rheumatic heart disease, and certain other connective tissue diseases have exhibited diverse and sometimes complex patterns of immunofluorescent staining with heart tissue (12, 14) . Sera which exhibited presence of cross-reactive antibody by precipitin-absorption were screened for immunofluorescent reaction with heart and for inhibition of such staining if present with streptococcal antigen. The immunofluorescent-inhibition test was carried out as follows: 0.1 ml serum was mixed with 0.05 ml of a solution of streptococcal cross-reactive antigen containing 0.1 mg protein, and the mixture was incubated for 30 minutes at 37°C and overnight in the cold. A control test employed saline instead of streptococcal antigen. The supernatant serum was tested by the indirect immunofluorescent technique as described in Materials and Methods.
Certain of the sera containing cross-reactive antibody by precipitation-absorption exhibited a sarcolemmal or subsarcolemmal pattern of reaction by immunofluorescence which was abolished or remarkably suppressed after absorption with streptococcal antigen (Figs. 14 and 15) . Both rheumatic and nonrheumatic hearts were reactive in such tests. This sarcolemmal or subsarcolemmal reaction was similar to that given with rabbit anti-cell wall serum though perhaps more delicate. However, unllke rabbit antistreptococcal sera, crossreactive human sera showed little or no reaction with smooth muscle of vessel walls.
In general, most of the sera which exhibited cross-reactive antibody by precipitin-absorption, showed weak or negative reaction with heart by the immunofluorescent procedure. This was possibly attributable to the fact that the level of antibody present was insufficient for demonstrating immunofiuorescent reactivity. Other sera, notably those from patients with rheumatic heart disease, exhibited sarcolemmal, subsarcolemmal-sarcoplasmic, diffuse sarcoplasmic, or intermyofibrillar patterns of staining which were not detectably altered by absorption of the sera with streptococcal antigen. It appeared that such staining patterns were associated in these sera with heart-reactive factors which were unrelated to cross-reactive antibody. The intense staining reaction given by postcardiotomy sera (12) was also not affected following absorption with streptococcal antigen. Since the sera in these latter cases could be shown often to contain cross-reactive antibody by precipitin absorption tests, it was probable that the simultaneous presence of other antiheart factors masked or interfered with detection of cross-reactive antibody by the immunofluorescence inhibition technique.
Relation of Cross-Reactive Antibody to Streptococcal Disease.--Screening tests
were performed for presence of cross-reactive precipitating antibody in the sera of patients with the following conditions: recent acute streptococcal infection, acute rheumatic fever, inactive rheumatic heart disease, acute glomerulonephritis, rheumatoid arthritis, and systemic lupus erythematosus. Sera were also tested from a small miscellaneous group of 12 patients including 8 cases of pulmonary tuberculosis and 4 of carcinoma of lung. Sera from this latter group of patients exhibited intense immunofluorescent reaction with heart tissue.
In the screening procedure adopted, sera were first tested in agar diffusion plates for precipitating activity against cross-reactive antigen in chromatographic fraction II at a concentration of 2 mg protein per ml. A number of tests were also carried out with chromatographic fraction IV. Those sera exhibiting precipitation within 7 days were subjected to absorption tests with human heart and kidney homogenates. Three alternate peripheral wells of the agar gel plate were filled with samples of unabsorbed, heart-absorbed, and kidney-absorbed serum, and the plates were examined daily for 10 days. The results of these precipitation absorption tests could be divided into 3 patterns of reaction: (a) positive precipitation with specific absorption by heart but not by kidney; (b) positive precipitation with negative absorption by heart and kidney; and (c) negative precipitation. Abolition of precipitation by kidney but not by heart was never observed. The results of these screening tests are given in Table IV . Of 72 patients with recent streptococcal infection, including pharyngitis, tonsillitis, scarlet fever, and impetigo, 17 or 24 per cent exhibited positive absorption tests for crossreactive antibody in sera obtained 3 weeks after hospital or clinic admission. More than one-half of the patients with non-suppurative sequelae, including rheumatic fever and acute glomerulonephritis, exhibited this antibody in the serum. The majority of patients with clinically inactive rheumatic heart disease also possessed this antibody. In contrast, none of 20 patients with rheumatoid arthritis and only a single individual of 20 patients with systemic lupus gave a positive test. Similarly, of the miscellaneous group of individuals with chronic pulmonary disease, cross-reactive antibody was not demonstrated in any case. It is to be noted that a variable number of the patients studied in these different clinical categories did exhibit precipitating antibody which was not absorbed by either heart or kidney.
Since it has been previously demonstrated that negative absorption tests may be obtained in the presence of cross-reactive antibody, if antibody to non-heartrelated antigen in the test preparation were simultaneously present, the possibility existed that a number of sera containing cross-reactive antibody were missed by the test procedure. However, these data do indicate that positive precipitation absorption tests for cross-reactive antibody were associated with previous streptococcal infection, the poststreptococcal state, and rheumatic heart disease, and were only infrequently observed in other conditions, including those associated with abnormal serologic factors of a presumed autoimmune nature.
DISCUSSION
The cross-reactive factor in human sera possessed properties consistent with those of antibody. It was associated with the immunoglobulin zone in immunoelectrophoresis and the reaction exhibited strict specificity with respect to precipitation with a defined streptococcal antigen and absorption by heart tissue. It was relatively more labile than classical antibody in that precipitating activity was diminished or lost following heat inactivation at 56°C for 30 minutes or after prolonged storage at 4°C. Further observations have indicated that precipitating activity showed no correlation with C-reactive protein or increased sedimentation rate.
On the basis of precipitation absorption tests, the streptococcal heart-related antigen was identified in the same neutral salt and chromatographic fractions of acid extracts of cell walls which were shown to exhibit cross-reactivity by immunofluorescence inhibition of rabbit antistreptococcal sera (2) and by precipitation tests with goat antiserum to human heart tissue (3). As observed in previous work, the antigen was destroyed by trypsin, pepsin, and chymotrypsin. Further, it could be differentiated from M protein by both gel diffusion and immunoelectrophoresis, confirming previous conclusions based on quantitative absorption (2) . Absorption tests of human sera indicated that the antigen in the Tripp and Has strains was present in higher concentration in cell walls than in cell membranes, and that little or no antigenic activity was present in cytoplasm. These results differed somewhat from the results of absorption tests with rabbit antistreptococcal serum, since in the latter instance, cross-reactive antigen was localized to cell walls, while little or no absorbing activity was demonstrable in either cytoplasmic membranes or cytoplasm. The possibility is thus raised that the cross-reactivity of human sera and of rabbit antistreptococcal sera may differ (of. reference 17).
The procedure for detection of precipitating antibody to heart-related antigen, based on absorption by heart tissue, was found dependent both on the nature or state of purification of the streptococcal antigen and on the serologic properties of individual reactive sera. The ideal antigen in such an absorption procedure would be one free of antigenic determinants unrelated to heart. However, the problem of purification of cross-reactive antigen was complicated by the fact that reactions of sera with "heart-related" and "non-heart-related" antigens gave immunodiffusion and immunoelectrophoretic patterns consistent with a close association of these two antigenic activities (cf. references 13, 18, 19) . It remains to be established whether the heart-related and non-heartrelated antigenic activities associated with the streptococcal preparation are related as an aggregate of different molecular entities or alternatively as antigenic determinants on a single molecule.
Immunoelectrophoretic analysis indicated that heart-related and non-heartrelated material exhibited a more rapid mobility than M protein. A comparable increased mobility to the anode has been recently described for the E4 and F substances of Type 17 streptococci by Wilson and Wiley (20) and for antigen extracted at neutral and acid pH from Type 24 streptococci by Cayeux (21) . A possible relationship of the heart-related antigen to material extracted from strains of serotypes 5 and 19 by the techniques used by the above authors is under investigation.
As indicated by immunofluorescence, the myocardial constituent crossreactive with streptococcal antigen was localized to the sarcolemmal or subsarcolemmal sarcoplasm of cardiac myofibers and could not be identified in either smooth muscle or skeletal muscle by immunofluorescence inhibition or precipitation absorption tests. These results differed from those observed with rabbit antistreptococcal sera which were found reactive with smooth and skeletal muscle as well as cardiac myofibers. These differences with respect to the cross-reactive properties of human and rabbit antisera are unexplained.
The presence of organ-specific antigen in mammalian heart has been reported by two groups of investigators (15, 16) . Immunofluorescent studies indicated an intermyofibrillar distribution for the organ-specific antigen described rather than a sarcolemmal or subsarcolemmal localization (15) . This might indicate that the antigen in these previous studies was different from the streptococcal related constituent.
The clinical survey carried out for presence of cross-reactive antibody in human sera established an association of this antibody with streptococcal disease. It was of interest, that cross-reactive antibody was present in the serum of 7 of 12 adults with inactive rheumatic heart disease prior to admission for cardiac surgery. The association of cross-reactive antibody in these adult patients with rheumatic heart disease, in contrast with its relative absence in a comparable adult population with other conditions such as rheumatoid arthritis, disseminated lupus, or chronic pulmonary disease, might suggest persistence of a continuing stimulus for production of cross-reactive antibody in patients with rheumatic heart disease. Since such a cross-reactive antibody is also autoantibody, its production might theoretically be stimulated by release of endogenous antigen. On the other hand, long persistence, i.e. for 10 to 32 years, of other streptococcal antibodies such as the type-specific bactericidal antibodies has been recorded by Lancefield in some individuals (22) . The basis for persistence of these antibodies is not understood.
The pathogenetic significance of cross-reactive antibody remains to be evaluated. In many individuals, this antibody was present in the serum without evidence of cardiac involvement or clinical symptoms. On the other hand, the presence of this antibody in sera of patients with rheumatic fever and rheumatic heart disease, the finding of bound h-globulin in sarcolemmal distribution in the heart in acute rheumatic fever (1) , and the observation of sarcolemmal deposits of bound ~,-globulin in auricular appendage biopsies in rheumatic heart disease (23), provide a basis for considering that such antibodies under certain circumstances might become deposited in the heart.
S U M M A R Y
Sera from patients with recent streptococcal infection or non-suppurative sequelae exhibit with variable frequency a precipitin reaction in agar gel with a partially purified streptococcal antigen which has been shown previously to be immunologically related to human heart tissue. This precipitin could be absorbed from sera with normal human heart tissue homogenates but not with homogenates of other organs. Demonstration of this cross-reaction by heart absorption was found dependent both upon the serologic properties of individual sera and the nature or state of purification of the streptococcal product employed as test antigen. Evidence was obtained of a close association of heartrelated and non-heart-related antigenic determinants in partially purified preparations of the streptococcal antigen by both gel diffusion and immunoelectrophoresis. On immunoelectrophoretic analysis, cross-reactive antigen exhibited a more rapid mobility toward the anode than M protein. It was destroyed by digestion with trypsin, pepsin, and chymotrypsin. Based on specific absorption tests with a Type 5 and Type 19 strain, the antigen was localized to cell walls and to a lesser extent to cell membranes of these strains.
Precipitating activity related to cross-reactive antibody was localized to the immunoglobulin zone in immunoelectrophoresis. Reactive sera showed diminution or loss of serological activity following heat inactivation at 56°C or after prolonged storage at 4°C. Sera containing cross-reactive precipitating antibody exhibited an immunofluorescent reaction with sarcolemma of cardiac myofibers, which was inhibited by streptococcal cross-reactive antigen. By this inhibition test, the immunofluorescent reaction related to cross-reactive antibody could be distinguished from that due to other heart-reactive factors.
Antibody to streptococcal cross-reactive antigen defined by precipitation-absorption tests was observed in 24 per cent of patients with recent history of uncomplicated streptococcal infection and in the majority of patients with acute rheumatic fever, rheumatic heart disease, or acute glomerulonephritis. It was observed rarely in patients with non-streptococcal related disease. These data provide evidence that induction of cross-reactive autoantibody to heart in certain individuals is associated with streptococcal infection. Precipitation with negative absorption. Central well: crossreactive antigen, 2 mg protein per ml; peripheral wells: 1, serum 1925 from patient with rheumatic fever unabsorbed; 2, absorbed with heart; 3, absorbed with kidney; 4, serum 2129 from patient with rheumatic fever; 5, absorbed with heart; 6, absorbed with kidney. Both sera give single lines of precipitation which fuse and are not affected following absorption with either heart or kidney.
FrG. 5. Central well: cross-reactive antigen preparation, 2 mg protein per ml; 2, serum 3923 from patient with impetigo, which gave precipitation not affected by heart absorption; 3, serum 3899 from patient with pharyngitis, which gave a single line of precipitation completely absorbed by heart. Wells 1 and 4, rabbit antiserum to type 5 M protein. Lines of 2 and 3 fuse without spur and exhibit no relationship to M protein line. Precipitation between wells 1 and 2 results from reaction of serum in 2 with excess streptococcal antigen in the absorbed rabbit antistreptococcal serum in/.
FIG. 6. Effect of trypsin and pepsin on cross-reactive antigen. Central well: cross-reactive serum 3138, defined previously in Fig. 1 . Peripheral wells contain cross-reactive antigen, 10 mg per ml.; 1, buffer control for trypsin; 2, treated with trypsin; 3, buffer control for pepsin; 4, treated with pepsin. Other wells not relevant.
PLATE 71
FIGS. 7 and 8. Immunoelectrophoretic pattern of cross-reactive antigen. Reservoir contains chromatographic fraction II of cross-reactive antigen, 2 mg protein per ml; U, unabsorbed serum 3848 from patient with recent streptococcal pharyngitis; K, serum absorbed with kidney; H, serum absorbed with heart. Heart-related antigen shows migration to anodal side of origin.
FIc. 9. Immunoelectrophoretic pattern developed with serum not affected by absorption with heart but which gave pattern of fusion with cross-reactive serum in double diffusion. Reservoir contains same chromatographic preparation of crossreactive antigen as in Fig. 7 . K, serum 3347 from patient with rheumatic fever, absorbed with kidney; H, same serum absorbed with heart. "Non-heart-related" antigen migrates to anode and is similar in position to heart-related antigen in Fig. 7 . 
PLATE 73
Fins. 14 and 15. Immunofluorescent reaction of serum 3848 from patient with recent acute pharyngitis. Staining reaction involves sarcolemma of cardiac myofibers. Fig. 15 demonstrates inhibition of immunofluorescent staining by absorption of serum with cross-reactive antigen. × 312.
